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The African elephant population in South African wildlife parks has increased to such an extent that all interested parties now agree that population control measures need to be initiated with some urgency. In parks where the need for elephant population control is less urgent, one option under consideration is immunocontraception using the Porcine Zona Pellucida (pZP) vaccine. Previous immunocontraception trials on elephants using PZP vaccination have demonstrated that it is a safe, effective, reversible and remotely deliverable treatment, with no obvious short-term adverse side-effects. However, little is known about possible long term side-effects. In other species, side-effects of ZP vaccination have varied from little more than an unexpected delay in the return to cyclicity (horses) to serious damage to the ovarian follicle population likely to result in permanently impaired future fertility (primates, rodents). As yet, it is not clear whether African elephants will fall into the minor or majorly affected group. 
The aim of this study was to examine the influence of pZP-vaccination on cyclicity and estrous frequency in female African elephants vaccinated repeatedly for a number of years. It was expected that vaccinated animals would remain cyclic and that the number of estruses per calendar year would therefore increase. 
The study was conducted on the discrete small elephant population within the Greater Makalali Private Conservancy, Limpopo, South Africa. Over a period of 4 months, fecal samples were collected from pZP vaccinated females and analyzed for immunoreactive 5α-pregnane-3-ol-20-one (5α-P-3-OH), which has previously been shown to provide reliable information on corpus luteum activity in the African elephant. In addition, family groups of vaccinated cows were monitored for possible signs of behavioural oestrus / reproductive activity.
By the end of the study period, it had only been possible to collect the desired serial samples necessary to analyse reproductive cyclicity from a relatively small number of cows. These showed low values of progestagens (<0.23 pg/g), such that there was no evidence of cyclicity in any of the monitored elephants. Behavioural estrous was clearly observed on only one occasion in one female, which had last been vaccinated in 2004. 










In large parts of Eastern Africa, African Elephants (Loxodonta Africana) are still poached for their ivory, meat and skin. This poaching, combined with a growing human population, threatens the existence of the species in these areas. This contrasts markedly with the situation in most of Southern Africa, where a combination of good park management and secure fencing has virtually eliminated poaching, and resulted in elephant population growth exceeding 5% per year (Hall-Martin et al 1989). Feeding on leaves, branches, bark and the roots of over 200 species of grass, tree and bush, elephants are destructive feeders that demolish vegetation in a way that changes woodlands into grassland (Chromatogr 1993; Whyte IJ 2003) and, at high elephant population densities, can form a serious threat to biodiversity. 
The elephant management issue is not a recent phenomenon. As early as 1966, a program was set up to limit further elephant population growth within fenced reserves; this involved, for example, the culling of up to 10% of the elephants in the Kruger Park each year by professional hunters. The annual culls continued until animal rights groups used the media to propagate the assumptions that the cull was both cruel and unnecessary (Rasmussen et al 1998). As a result, a moratorium on elephant culling was announced in 1995 and implemented in 1996; after this period elephant culling was effectively banned in South Africa (Dublin et al 1983). Since the last cull in 1994, the elephant population in Kruger National park has grown from 7000 animals to at least 12 500 in 2006 (Borchert 2007).
Not only are biodiversity and ecosystems being damaged but the elephant threatens to become a victim of its own ‘success’. To avoid widespread damage to the habitat by elephants, alternatives to culling have been examined, these include; translocation, removing fences to increase habitat areas and contraception. 
A disadvantage of translocation is that it is a costly option with profound implications for animal welfare, not only because the elephants need to be sedated and transported by truck, but also because one can not be sure that an entire family group is being moved; sometimes members of the herd are accidentally left behind (Whyte 2003). Furthermore the demands for live elephants are now largely met, and there are not many places left to relocate the animals (Dublin et al 1983; Whyte 2003). 
Another option is to create larger protected areas for the elephants to live in. By opening the borders into parks in neighbouring countries, elephants should in theory be able to migrate to areas where they are still relatively scarce. This is already happening at a small number of locations: Kruger has opened fences abutting parks in Zimbabwe and Mozambique. However, the amount of suitable habitat available is not currently sufficient to accommodate all the elephants, and making the political arrangements necessary to allow the opening of these boundaries can be a long process.




The development of immunocontraceptive techniques has provided a new means of controlling elephant population growth. Immunocontraception is based on the same principles as disease prevention by vaccination. In this instance, however, vaccination stimulates the immune system to produce antibodies against endogenous molecules that play an essential role in gamete production (Perdok et al. 2007). For example, one form of immunocontraception makes use of a so called pZP (Porcine Zona Pellucida) vaccine. The zona pellucida is the extracellular matrix that surrounds the oöcytes of all mammals, and it plays critical roles in regulating sperm binding, penetration and fertilization (Kirkpatrick 1991). Porcine ZP is commonly chosen as the active ingredient of ZP vaccines because it can be harvested readily and in large quantities from the ovaries of slaughtered pigs, while the antibodies induced cross-react with ZP epitopes in many target species (Fayrer-Hosken et al. 1997, 1999; Barber and Fayrer-Hosken 2000a, 2000b).
The exact mechanism by which ZP vaccination induces contraception may differ between species and individuals, but it is thought that antibodies raised against ZP proteins either directly block sperm–ZP binding or disrupt ZP formation and thereby indirectly inhibit the ability of sperm to bind to and penetrate an oöcyte. (Muller et al. 1997; Miller et al. 2000; Kirkpatrick and Rutberg 2001)
The advantages of this method over hormonal contraceptives are that the animals should continue cycling after administration, they don't need to be handled or sedated for treatment (no hormone implant needs to be introduced) and there is no disruption of fetal development and/or lactation. The latter is important since, in a species with a long non-seasonal gestation, it is almost impossible to avoid injecting some pregnant animals (an elephant gestation lasts nearly 2 years and most cows will be either pregnant or lactating at the moment of vaccination); abortion, dystocia or birth of abnormal or weakened offspring would be considered unacceptable side-effects .(Turner et al. 1996; Kirkpatrick et al. 1997; Fayrer-Hosken et al. 1999, 2000; Turner et al. 1999; Kirkpatrick and Rutberg 2001; Delsink et al. 2003).
Because the estrous cycle should not be disrupted by pZP vaccination, the treatment should have minimal effects on social behavior, with the exception of more frequent estrus and mating. By contrast, the use of reproductive steroid hormones as contraceptives has proved unacceptable in various wildlife species because of marked effects on behavior, such as separation of treated animals from the family herd (Fayrer-Hosken et al. 2000; Kirkpatrick and Rutberg 2001).
Overall it is assumed that vaccination will not alter reproductive hormone secretion (Powel and Monfort 2001) and that treated females will therefore experience normal ovarian cycles (Barber and Fayrer-Hosken 2000). However, while some studies have indeed recorded normal estrous cyclicity following ZP vaccination (Fayrer-Hosken et al. 2000; Kirkpatrick and Rutberg2001), others have recorded abnormalities such as:
• altered ovarian function in horses (Kirkpatrick et al. 1992) and deer (Miller et al. 2001)
• altered cyclicity in primates (Nettles 1997) and deer (Muller et al. 1997)
• reduced ovulation rates in horses (Kirkpatrick et al. 1992, 1997)
• decreased estrogen production in baboons (Miller et al. 2001) and horses (Kirkpatrick et al. 1997)
• altered ovarian structure in primates (Nettles 1997)
• follicle inflammation in deer (McShea et al. 1997)
• acyclicity in horses (Muller et al. 1997)









The African elephant has the longest estrous cycle of any mammal studied to date, lasting 12 to 18 weeks with a luteal phase of approximately 11 weeks (Rasmussen and Schulte 1998, Brown; Elephant biology, medicine and surgery). For a model of the African elephants cycle see ad 4.
During the cycle, an elephant cow has a 2 to 10-day period of sexual receptivity during which she will express estrous behavior, accept mating and may conceive (Moss 1983; Rasmussen and Schulte 1998). 
In the event of pregnancy, a cow will not cycle again for at least another two years, since the average gestation length is around 22 months (Rasmussen and Schulte 1998). Because sexually receptive periods usually end with mating and pregnancy (Rasmussen and Schulte 1998), repeated estrous cycles are not a normal feature of wild elephant reproduction. It is, therefore, not clear how an increase in the number of estrous cycles as a result of immunocontraception will affect the behavior of a family of elephants. 


















This study was conducted in the Greater Makalali Private Game Reserve (GMPGR) which is located on the Lowveld plain, 300–500 m above sea level close to the foothills of the Drakensberg Mountains in South Africa’s Limpopo Province (30.49°S, 24.00°E). The reserve is divided into different sections (PNO, PSO, Garonga, Twines, 26, MEA, Lufafa en M5*); each with an individual owner.




GMPGR received two herds of elephants from KNP in 1994 and 1996 (13 and 24 animals, respectively). A pZP vaccination program for these elephants was initiated in 1995. To date, GMPGR is the only pZP trial that has been running long enough to yield meaningful results. 
In January 2006, the population of 73 elephants at Makalali comprised 28 females aged ≥ 8 years, distributed over four herds of 8–22 animals, and 14 independent adult males. 
In May 2000, all of the adult females aged >12 yr (18 animals) were vaccinated with 600 μg PZP + 0.5 ml of Freund’s Modified Adjuvant (FMA: Sigma Chemical Co., St Louis) (Delsink 2002). Births have been recorded in females as young as 9–10 yr, so the breeding population was classified as females ≥ 8 yr for subsequent vaccinations. By July 2003, a total of 23 cows had been vaccinated. Subsequently, no new cows were added to the vaccination program and in July 2004 it was decided not to vaccinate pre-pubertal cows, or those that had not yet produced offspring until after the birth of their first calf (Delsink 2004). In December 2007, one female (‘Smelly’) in which vaccination was deliberately stopped in 2004 after 5 years of repeated vaccination produced a calf, thereby indicating that pZP vaccination is reversible, in at least some cases. 








Observations were made on weekdays in the morning between approximately 6:00 and 10:00 and in the afternoon from approximately 16:00 until 20:00 over a period of 4 months. Elephant herds were located based on reports from the last game drive and with the help of trackers. When a herd was located, a GPS reading would be taken and, as far as possible, all individuals present would be identified.






Animal behavior (herd mood, herd activity, bull mood, female behavior/estrous behavior, bull-cow interaction) was scored during each sighting, choosing the behavior that predominated during the observation period (See ad 2 figure 2 for more detail).
Herd mood was classified as relaxed, skittish or aggressive. Most animals in the herd would synchronize their activity, therefore activity of the whole herd was noted as; feeding, drinking, bathing, resting or other. 
Bull mood was classified as; skittish, relaxed or aggressive. It was also noted if the bull was in musth. Musth would be characterised by the following features: swelling of the temporal gland and increased temporal gland secretion, constant dribbling of urine from a sheaved penis which  increases to a gush when walking, strong smelling urine (musth-smell), greenish preputial discharge and discolouration of the penis tip. 
Female reproductive behavior was classified as: urinating, oestrous walk, running or standing still. To define female estrous behaviour the 5 stages of estrous-related behaviour: wariness, the ‘oestrous walk’, the chase, mounting and finally consortship were used as described by Moss (1983). Estrous behavior could also be used to indicate cyclicity.
If there was interaction between bull and cow, both bull and cow behavior was noted in more detail. 
Bull interaction with the cow was classified as: testing scent, chasing or consort behavior.
Large musth males show little interest until 3 or 4 days into behavioral estrus. At this point, receptive females are usually guarded by a large musth male, which mates her infrequently. During the guarding period, a male must actively consort with the female and threaten or fight off other males. This is typical consort behaviour.
Testing scent was defined as the bull touching the female’s genitalia with his trunk and then putting the tip of his trunk in his mouth. He will do this with all females and it does not automatically mean that the female is in estrus. Non-estrous females will usually tolerate this and either stand still or move calmly away. By contrast, an estrous female is more alert and wary of males. She will tend to hold her head high and, when approached by a male, move quickly away and not tolerate his attempts to test her. When a female repeatedly and actively avoids the approaches of an adult male by moving quickly away and, in doing so, further away from her family group with the male following her, she often shows the estrous walk. She holds her head high and looks over her shoulder, while walking with a greater stride length and speed than an undisturbed elephant. She holds her tail up and out and, when the bull stops following, she will stop walking, starting again when he moves. The bull, following at a distance, may or may not have an erection.
An estrous walk may progress to a chase as the intensity of male pursuit increases; by now the bull usually has an erection. More than one bull can be engaged in a chase, and a chase ends either with the female outrunning the male, the male being disturbed by other bulls, or the male catching the female and touching her with his trunk. When the male is able to touch her, the female usually stops running and, when she stops, is usually
mounted (Moss 1983).
In addition to these behavioral observation, habitat and weather conditions were noted.


Fecal sample collection, hormone extraction and hormone assay

When possible, fresh fecal samples were collected from every identified female above the age of 8 years (the vaccinated animals) approximately twice a week. Feces was chosen because it can be collected non-invasively without disturbing the animals. 
In their study, Wasser et al found a close correspondence between serum progesterone and fecal progestins and concluded that analysis of fecal progestins could provide an effective non-invasive means of characterizing ovarian activity in free ranging African elephants. Using radio labeled infusion they found that the lag time between IV injection of 14C progesterone and peak excretion in the feces was approximately 48 hours and that the majority of progesterone metabolites were excreted in the feces (55%: Wasser et al. 1996)
Shortly after defecation, a sample was taken from the center of a fecal bolus, mixed well, and put in a labeled vial (date and animal ID). This method was chosen because it has been shown that intra-sample variation in fecal hormone concentrations can be substantially reduced by using well mixed fecal powder from freeze-dried samples taken from the central portion of a wet sample (Wasser et al. 1996). The vials were transported in a cooler box on ice and subsequently stored at -20oC until analysis. The frozen samples were then transported on ice for further analysis at the Veterinary Pharmacology and Toxicology Laboratory at the Faculty of Veterinary Sciences, University of Pretoria.
Fecal samples were lyophilised (freeze dried), pulverised and sieved through a mesh to remove undigested fecal matter, as described by Fieβ et al. (1999). Approximately 0.05 g of the fecal powder was subjected to steroid hormone extraction by vortexing for 15 min with 80% methanol in water (3 ml). Following centrifugation at 3,300 g for 10 min , the supernatant was transferred to a glass tube, ready for hormone analysis. 
Fecal extracts were examined for progesterone metabolite concentrations using a competitive double antibody-enzyme immunoassay (EIA) for immunoreactive 5α-pregnane-3-ol-20-one (5α-P-3-OH), which has previously been shown to provide reliable information on ovarian function and pregnancy in the African elephant (Fieβ et al., 1999; Wasser et al. 1996). 
The antibodies for the EIA were raised in rabbits. The antibodies were raised against 5 β -pregnane-3α-ol-20-one. 5 α -pregnane-3β-ol-20-one-3HS:DADOO-B was used as label. Progesterone (4-pregnene-3,20-dione) was used as a standard, and serial dilutions of fecal extracts gave a displacement curve parallel to that of the standard curve. (Schwarzenberger 1996).
For the assay, duplicate 50 μl aliquots of the 5α-P-3-OH standards (range 9.8–2500 pg), quality controls, and diluted fecal extracts were pipetted into coated microtiter plate wells, 50 μl of label (DADOO-B) and antiserum were added, and the plates were incubated overnight at 4°C. Following incubation, the plates were emptied, washed four times and blotted dry before 150 μl (20 ng) of streptavidin–peroxidase was added to each well, followed by incubation for 45 min. Next the plates were emptied, washed and dried again and substrate (tetramethylbenzidine) was added, followed by incubation in the dark for 30-60 min. at 4°C, with the exact duration determined by the rate of colour change. The reaction was terminated by adding 50 μl of 4M H2SO4, and the absorbance was measured at 450 nm.






The data is presented as mean µg 4-pregnane 3,20-dione /g dry weight of feces.  This was calculated using the formula: 

µg/gDW = EIA Result [pg]  x  Dilution rate  x Extraction Volume						Dry Weight  x 106 

With a dilution rate of 1:50, an extraction volume of 60 μl and a dry weight of 0.05 g.

In their research Feiβ at al. described the fecal excretion pattern of 5α-P-3-OH with consistently low follicular phase values (1.5–2.5 μg/g) and, on average, a fourfold elevation to maximum luteal phase values (3–10 μg/g). (Feiβ et al 1999)























M=moved away, S=stood still, O=estrous walk, B=backed into bull





















One animal (Yvonne) showed clear behavioral estrus and was even mounted on one occasion, strongly indicating that she was in estrus. Her last vaccination date however was in 2004 (see ad. 1 vaccination schedule) so she was almost certainly not under the influence of pZP at the moment this observation was made. However, the amount of data collected to date is insufficient to draw any firm conclusions.




To be able to make assumptions about the cyclicity of female elephants, it was hoped to collect at least one sample per individual each week. This proved to be very difficult for a number of reasons:
	The elephants were hard to track. There were days when no elephants were found.
	Not every drive had the priority of finding elephants, during the elephant drives other species also needed to be monitored. It is estimated that around 14 hours a week was specifically dedicated to tracking/observing elephants.
	Even after locating the elephants, it was hard to identify them because of impaired visibility by dense vegetation, other elephants or because the ID sheets were not available.
	Sometimes after finding the elephants, it was impossible to stay with them the whole time; either because of other vehicles on game drives, which was avoided as much as possible by letting these cars go to the sightings first, or because it was getting too hot to stay out (elephants also seek shelter in thick bush when it gets hot). When the animals seemed stressed they were also left in peace.
	If the elephants disappeared out of sight it was difficult to follow them into the dense vegetation, and in Pidwa, a big area in the north of the reserve, it is prohibited to go off-road.






All of the results were far below 3 μg/g, suggesting that the animals were either in the follicular phase of the cycle, although values are also far below the 1.5 μg/g indicative for the follicular phase, or in anestrus. Another possibility is that the test results somehow underestimated the progesterone values. There was unfortunately not enough fecal matter left to repeat the tests. 
In the month of April, most of the samples were taken in duplicate. Theoretically these should yield identical results but after analysis they revealed substantial intra-sample variation. This might be explained by the low progesterone concentrations present in the samples resulting in all of the measurements falling within the lower range of test sensitivity, thus making the results less reliable.
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Name	Status	Age	Vaccinated since	Last vaccination	Calves born since 2000 vaccinations
1.  Queeny	AF Matriarch	>40 yr	2000	2007	-
2.  Friendly	AF Sub Matriarch	> 40 yr	2000	2007	April 2002
3.   Stripper	AF	> 40 yr	2000	2007	Sept 2000
4.  Waves	AF	> 40 yr	2000	2007	March 2001
5.   Plain Jane	AF	> 20 yr	2000	2007	-
6.   Smelly	AF	> 20 yr	2000	2004	Dec 2007
7. Pokerhontas	AF	> 20 yr	2000	2007	-
8.  Cheeky	AF	> 20 yr	2001	2004 (accidentally vaccinated in 2006)	Oct 2001
9.   Tiny	AF	> 12 yr	2000	2004	-
10.  Cindy	AF	> 12 yr	2002	2007	June 2002
11. Madame M	SAF	> 12 yr	2001	2007	August 2002
12. Bubbles	SAF	> 12 yr	2005	2007	Nov 2005




Name	Status	Age	Vaccinated since	Last Vaccination	Calves born since 2000 vaccinations
1. Kwatile	AF Matriarch	> 55 yrs	2000	2007	-
2. Anna	AF- collar	>30 yrs	2000	2007	Sept 2000
3. Dracula	AF	> 40 yrs	2000	2007	Oct 2000
4. Connie	SAF	9-12 yr	2002	2004	Dec 2001




Name	Status	Age	Vaccinated since	Last Vaccination	Calves born since 2000 vaccinations
1. Yvonne	AF Matriarch	> 40 yrs	2000	2004	-
2. Markina	AF- collar	> 40 yrs	2000	2007	Sept 2001





Name	Status	Age	Vaccinated since	Last Vaccination	Calves born since 2000 vaccinations
1. Holey Ear	AF Matriarch	> 40 yrs	2000	2007	Aug 2000
2. Toni	AF- collar	> 40 yrs	2000	2007	Dec 2001
3. #2	AF	> 20 yrs	2000	2007	Nov 2001
4. U-Boat	AF	> 20 yrs	2000	2007	Feb 2001
5. Knop-kop	AF	12-15 yrs	2000	2007	Oct 2001
6. Quizzy Lizzy	AF	9-12 yrs	2005	2007	Jan 2005
7. Fin	AF	9-12 yrs	2005	2007	Jan 2004





Ad 2: Behavior sheet


Date:	 	Time:	 	Position:(road name)	Position Precision*:                          A     B     C    D     E
Observer  (initials):	 	Map:	 	GPS East        (30)	 	GPS South    (-24.)	 
Herd/s Identified :	Queeny	Holey Ear	Yvonne's	Kwatile	 	 	 
Bulls Present:			 	Total No. of animals:	 	Total No. of infants:	 
Herd Mood:	Relaxed	Skittish	Aggressive	Bull-cow interaction	Testing scent	Chasing	Consort behaviour
Herd Activity:	Feeding	Drinking	Bathing				 
 	Mobile       (Specify)	Resting	Other (Specify)	 	 	 	 
Female Behaviour:	Urinating	Oestrous walk	Running	Bull Mood:	Relaxed	Skittish	Aggressive
Habitat:	Closed Woodland	Dam	Open Grassland	Open Woodland	River	 	 
Weather:	Hot/Sunny	Windy	Overcast	Raining	 	Elapsed time of sighting:	 
*Comments: (Reaction to Vehicle or Helicopter, New Ear markings,Granuloma's, Mobile direction etc.)

Ad 3 table 2
Tot. ele sightings nr.	72
Tot. nr sightings with dung collection	31
% of ele sightings when dung collected	43
mean sighting time (hours)	34.4
Tot. sighting time incl. no time noted (min)	2476
Tot. ele sighting (hours)	41.3
Tot. Game drive (hours)	624
Drives spent on ele sighting (%)	6.6
Mean hours of ele drives per week	14
Mean ele drives per day (hours)	2.8
Tot. ele drive (hours)	218.4
Tot. ele sighting (hours)	41.3
Ele drives spent on sightings (%)	18.9
Days spent on game drive	78
Estimated total number of ele drives	55


Ad 4 African elephant estrous cycle:













































Effects of PZP vaccination on cyclicity and the frequency of oestrus in African elephants (Loxodonta Africana) in The Greater Makalali Private Game Conservancy
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